The aim of this study was to compare the outcome of bilateral sequential total ankle replacement (TAR) with that of unilateral TAR. We reviewed 23 patients who had undergone sequential bilateral TAR under a single anaesthetic and 46 matched patients with a unilateral TAR. There were no significant pre-operative differences between the two groups in terms of age, gender, body mass index, American Society of Anaesthesiologists classification and aetiology of the osteoarthritis of the ankle. Clinical and radiological follow-up was carried out at four months, one and two years.
After four months, patients with simultaneous bilateral TAR reported a significantly higher mean pain score than those with a unilateral TAR. The mean American Orthopaedic Foot and Ankle Society hindfoot score and short-form 36 physical component summary score were better in the unilateral group. However, this difference disappeared at the oneand two-year follow-ups.
Bilateral sequential TAR under one anaesthetic can be offered to patients with bilateral severe ankle osteoarthritis. However, they should be informed of the long recovery period.
Total ankle replacement (TAR) is increasingly being used to treat patients with osteoarthritis of the ankle. [1] [2] [3] [4] [5] Degenerative change may occur in both ankles concurrently, causing patients to present with symptoms sufficient to warrant bilateral TAR. 6 In these patients, the standard approach is to stage the surgical procedures. So far, only one study has addressed the feasibility of bilateral simultaneous TAR, and this was in a series of five patients. 7 In order to determine whether sequential bilateral TAR would be as effective as unilateral TAR, we posed four questions: whether the level of post-operative pain in patients undergoing bilateral TAR would be comparable to that with a unilateral TAR; whether the functional outcome, including range of movement (ROM), would be comparable between the groups; whether patients who undergo bilateral TAR experience the same improvement in quality of life (QoL) post-operatively as those with a unilateral TAR; and if differences in pain relief, functional outcome and QoL between the groups were detected, whether the differences stay constant with time.
Patients and Methods
Between June 2001 and March 2008, 23 consecutive patients (46 ankles) were admitted for simultaneous bilateral TAR. The decision to undertake the procedures was made jointly by the patient and the surgeon and based primarily on the presence of severe bilateral ankle symptoms. The 23 patients were matched to 46 patients with the appropriate demographic factors who had undergone unilateral TAR during the same period of time. The two groups were of similar age, gender, body mass index, diagnosis and pre-operative American Society of Anaesthesiologists classification (Table I) . The control group consisted of 26 patients (56.5%) with no osteoarthritis in the contralateral ankle, and 20 (43.5%) who had mild asymptomatic osteoarthritis in the opposite ankle. The hospital's internal review board approved the study protocol, and informed consent was obtained from all patients.
The prosthesis used was the HINTEGRA total ankle system (Newdeal SA, Lyon, France/ Integra, Plainsboro, New Jersey). This is an unconstrained three-component system which has intrinsic stability in the coronal plane (i.e., against inversion/eversion). The same surgical technique was used for all patients. 8 After two days, the splints and dressings were removed and a below-knee walking cast was applied. When the wound was stable, typically three to four days after surgery, the cast was changed to a stable walker (VACOped, OPED AG, Chan, THE JOURNAL OF BONE AND JOINT SURGERY Switzerland), which was retained for six weeks. Full weight-bearing was allowed as tolerated.
Both groups were evaluated pre-and post-operatively by two independent observers (AB, MK) who had not performed any of the operations. Clinical and radiological follow-up was carried out after four months, one year and two years. Patients rated their pain pre-and post-operatively on a visual analogue scale (VAS) where 0 = no pain and 10 = maximum pain. The American Orthopaedic Foot and Ankle Society (AOFAS) hindfoot score was also calculated. 9 All patients completed a short-form (SF)-36 questionnaire preand post-operatively. 10 Clinical examination involved assessment of alignment of the ankle and ROM with the patient standing, and stability of the ankle with the patient sitting. Post-operative radiological examinations were obtained using fluoroscopy to standardise anteroposterior (AP) and lateral views of the prosthesis. Weight-bearing radiographs of the ankle were taken and reviewed independently by two clinicians (AB, MK). The radiological appearance was considered to be good if there was no subsidence or migration of the components, no evidence of lucency, and full contact between the articulating surfaces with no signs of edge loading. Statistical analysis. Statistical analysis was performed using SPSS version 16.0 (SPSS Inc., Chicago, Illinois) and Sigmaplot 2004 (Systat Software Inc., San Jose, California). A Kolmogorov-Smirnov normality test was performed to verify whether the data met the assumptions of a parametric test. A paired-samples t-test was used for continuous variables and Fisher's exact test for categorical data. The level of significance was set at p ≤ 0.05.
Results
There were no intra-operative complications in either group. Wound healing occurred uneventfully within two weeks of surgery in each case. Patients with bilateral simultaneous TAR had a significantly longer hospital stay than those with a unilateral TAR (7.l (SD 1.0) vs 4.9 (SD 0.7) days, p < 0.001). There were no post-operative thromboembolic events.
Pre-operatively, there was no statistical difference in the mean pain scores between the two groups (bilateral 6.8 (4 to 10), unilateral 6.9 (4 to 10), p = 0.742) (Table II) . Similarly, the mean total AOFAS hindfoot score and ROM were comparable in both groups (bilateral 31.9 (8 to 61), unilateral 37.3 (11 to 74) p = 0.097, bilateral 28° (0° to 50°), unilateral 28° (0° to 48°), p = 0.834) (Table III) . Only the mean alignment AOFAS hindfoot score was better in the unilateral group (5.7 (0 to 10)) than in the bilateral group (3.5 (0 to 10), p = 0.010) (Table III) . Patients in the Table IV) . The social functioning, mental health and role-emotional subscale scores as well as the SF-36 mental component summary were equally affected in both groups (Table IV) . Each patient was reviewed at four months, one year and two years post-operatively. At the four-month follow-up, significant pain relief was observed in both groups. However, patients in the bilateral group reported a higher mean pain score (2.2 (0 to 4)) than those in the unilateral group (1.6 (0 to 3)) (p = 0.004) ( Table II) . The functional outcome at this time was significantly better in patients in the unilateral group than in those in the bilateral group (mean AOFAS hindfoot scores 74.6 and 66.1 respectively, p < 0.001; mean ROM 41°a nd 36° respectively, p = 0.004) (Table III) . Furthermore, the mean SF-36 physical component summary was better in patients in the unilateral group (69.8 (62 to 90)) than in those in the bilateral group (65.5 (56 to 74)), p < 0.001 (Table IV) .
At follow-up after one and two years the pain relief and functional outcome scores remained slightly better in patients in the unilateral group (Tables II and III) . However, small differences in VAS, AOFAS hindfoot score and ROM were not statistically significant (Tables II and III) . The reported SF-36 subscales were similar in each group (Table IV) .
Discussion
The role of TAR in patients with a painful ankle arthropathy remains controversial. There is little information in the literature about the outcome of simultaneous bilateral sequential TAR. A recent study reported a series of five patients who had undergone bilateral TAR in whom significant pain relief and a good functional outcome were achieved after a mean follow-up of 46 months. 7 However, to the best of our knowledge there is no study that compares the outcome of unilateral and bilateral TAR.
The operation of TAR has a steep learning curve, and its initial use requires caution. 11, 12 Common intra-operative complications include fractures of the medial or lateral malleoli and damage to a tendon or nerve. 11, 12 We had no intra-or peri-operative complications, such as delayed wound healing or deep-vein thrombosis (DVT), but patients with bilateral TAR may have been at increased risk of DVT owing to doubling of the anaesthetic and tourniquet time, and reduced post-operative mobility.
Recent reports about the outcome of TAR are promising. A systematic literature review reported significant pain relief and improved ankle function in most patients.
1,3-5 In our study, the patients with simultaneous bilateral TAR experienced a significant post-operative reduction in their pain. However, patients with a unilateral TAR were in significantly less pain and had a higher SF-36 physical component summary score after four months. The functional outcome, which included general mobility and ROM of the ankle, was also significantly better in patients with a unilateral TAR. This can partly be explained by the fact that the patients with a unilateral TAR can unload the operated leg, which may promote a faster recovery. However, after one and two years these differences could no longer be observed. Simultaneous bilateral replacements of the hip and knee have been reported as a good alternative to staged procedures. [13] [14] [15] The benefits are the single anaesthetic, shorter total recovery time, and high patient satisfaction. [13] [14] [15] [16] The overall costs can also be significantly reduced. 17 In our study we could not identify any unfavourable factors for simultaneous bilateral TAR. All 23 patients were very satisfied, stating that they would undergo the surgery again and would recommend it to other patients. Our study has some limitations. First, the surgeon who performed the procedures (BH) was involved with the design of the prosthesis, which raises concerns about a possible conflict of interest. However, the clinical evaluation was performed by two observers who did not participate in any of the operations. Secondly, the low intra-operative complication rate may reflect the experience of the operating surgeon and may not be applicable to those with limited experience of TAR. Thirdly, 20 patients in the control group had mild osteoarthritis in the opposite ankle, which may bias the analysis of outcome data. Fourthly, the AOFAS score used for the clinical evaluation is not validated. Finally, the relatively small number of patients may give rise to a type II error.
In conclusion, our findings confirm that simultaneous sequential bilateral TAR gives significant pain relief and functional improvement comparable to the results achieved with unilateral TAR. However, the patients who are being considered for simultaneous bilateral TAR should be informed about the prolonged recovery period.
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